Objectives: Gradual age-related cognitive deteriorations are common and are hypothesized to be partially attributable to declines in information processing speed.
• If this intervention is successful, the product vendor pledges to make the computerized intervention software available to governments for widespread distribution and use at a fraction of the current commercial cost.
Strengths and Limitations of This Study:
• Strengths: this study uses six well-established, objective neuropsychological assessments of cognitive processing speed, as well as three highly reliable and valid self-reported measures of health outcomes in a large sample of men and women 50 years old and older.
• Limitations: although the sample is large, it was drawn from just one large primary care center in which minorities are underrepresented, and the key assessments are only conducted at randomization, after initial training (6) (7) (8) weeks post-randomization), and at one-year post-randomization, thereby
reducing the opportunity to demonstrate the long-term effects of the intervention. 
Introduction
Some degree of gradual, age-related cognitive decline is recognized as universal and as a normal part of the aging process. This decline is evident across several domains including memory, orientation, attention, abstract thinking, and perception [1] [2] [3] [4] . Age-related cognitive changes can best be viewed as one end of a continuum that includes preclinical disease, mild cognitive impairment, and dementia [5] [6] [7] [8] .
As the brain and the visual system age, many changes occur from the periphery through the central nervous system, contributing to deficits in visual perception and cognition [9] [10] [11] . Deficits are particularly notable in visual tasks requiring high levels of temporal precision (visual speed of processing) and attention (tracking multiple objects).
These deficits are significant contributors to declines that emerge in visual cognition and visually-guided basic and instrumental activities of daily living (ADLs and IADLs) [12, 13] , and can be understood as the consequence of central nervous system changes involving brain plasticity. These brain-plasticity-driven changes are likely important contributors to the speed, memory, and cognitive deficits common in normal aging [14, 15] . Brain plasticity, however, also creates an opportunity to strengthen The advantage of these studies is that they "train strategic control over cognition that does transfer to different environments" [14, p. 1]. Several such studies focus on improving visual processing speed [16] [17] [18] [19] .
Salthousehas hypothesized that declines in processing speed adversely affect cognition in two ways-the limited time and simultaneity mechanisms [20] . Limited time refers to the restriction in the amount of time available to successfully accomplish a task when certain cognitive processes are completed too slowly. Simultaneity operates when slowed information processing promotes the loss of early cognitive processing products through decay or displacement before they are needed for later operations.
Extensive evidence supports the speed of processing theory of age-related cognitive decline [19] [20] [21] [22] [23] . Associations between various subjective and objective health status measures and cognitive functioning are also related to processing speed to a greater degree than to other higher order cognitive processes, suggesting an important link between speed of processing and health outcomes [24] . Moreover, Salthouse has shown that processing speed peaks at about age 23, plateaus until age 28, and then declinesin a linear fashion throughout the remainder of the life course [25] .
One of the most impressive interventions focused on improving visual processing speed was developed by Ball and Roenker[19, 20, 26] [27] .
ACTIVE hypothesized that each of three intervention arms (memory, reasoning, and visual processing speed training) would have a direct effect on targeted, trained outcomes (proximal outcomes), and nonspecific effects on its non-targeted, untrained outcomes (via social contact or cognitive engagement mechanisms). The reasoning and memory interventions were expected to affect only everyday problem solving and ADLs and IADLs, whereas the speed of processing intervention was hypothesized to have more diverse effects, including ADL and IADL functioning, everyday speed, and driving habits. All three interventions were expected to affect the secondary outcomes, including health-related quality of life (HRQoL), depressive symptoms, and locus of control. Although all ACTIVE treatments were effective at improving their targeted abilities, visual speed of processing led to the largest gains [28, 29] . Moreover, the greatest relative improvementswere clearly associated with visual speed of processing training as well, which produced effect sizes more than double those associated with the two other interventions at every time point. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 [34] ; (5) improvements in self-rated health at two-, three-, and five-years equivalent to at least half of the difference between "excellent" and "very good" responses (p values < .05), which is known to be associated with a 0.8% absolute reduction in the five-year mortality rate, and a 10% relative mortality reduction [35] ; and, (6) a 64% greater likelihood (p< .05) of improvements in internal locus of control at five-years [36] .
No adverse effects of speed of processing training in ACTIVE have been identified.
As important as it was, however, ACTIVE had five serious limitations.
First,ACTIVE used a no contact rather than an attention control group, making it impossible to rule out placebo effects. Second, ACTIVE's approach to booster training was compliance-conditioned,making it impossible to separate adherence effects from dosing levels. Third, ACTIVE relied on only one speed of processing assessment test (the Useful Field of View, or UFOV; [37]), which was sufficiently thematically comparable to the speed of processing intervention itself that the results could merely reflect "training to the test." Fourth, ACTIVE used an early version of the speed of processing training that required supervised assistance, and is thus not practical for 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41 
Current Study
We designed the Iowa Healthy and Active Minds Study (IHAMS) to overcome ACTIVE's five limitations. IHAMS is a four-group RCT (NCT01165463). The first group received a standard dose (10 hours) of computerized visual processing speed training in our laboratory. The second group also received a standard dose of computerized visual processing speed training in our laboratory, but they were invited back to the laboratory for 4 hours of subsequent booster training regardless of their adherence to their training. The third group (attention control) received a standard dose of training using computerized crossword puzzles in our laboratory. The final group took the computerized visual processing speed training software home to use it on their personal computer (PC) for at least a standard dose. The primary outcome is visual processing speed, which was assessed at randomization and after the completion of training (at 6-8 weeks post-randomization), and will be assessed again at one-year post-randomization.
Five secondary cognitive processing speed outcomes were assessed at randomization and will be assessed again at one-year thereafter.
We specified sevena priori hypotheses(Hn) that we expect to be supported by separate analyses in each age-stratum. The first addresses changes in the primary outcome between randomization and post-testing. Because no standard booster training occurred by this time, and because supplemental training beyond 10 hours should in the at-home group should have been minimal, we hypothesize (H1) that participants randomized to Road Tour training (Groups 1, 2, and 4) should have Methods and Analysis Figure 1 shows the IHAMS study design and participant recruitment results.
IHAMS is a four-arm parallel RCT using a 3:3:4:4 allocation ratio and block randomization separately within two age-strata (50-64 and 65-87 years old).
Participants were randomized to one of the following groups: (1) potentially eligible patients were identified.
Weekly random (without replacement) replicates of 100-250 of the 5,743
potentially eligible patients received a letter describing the study that was co-signed by the FCC medical directors (CG and SW) and the principal investigator (FDW). These patients were asked to telephone the project office to indicate whether they were or
were not interested in participating. A fortnight later, we initially telephoned nonresponders to determine their interest, but because this approach had a very low rate of return, it was abandoned.
Telephone Screening for Eligibility. We attempted to screen all 5,743 potentially eligible patients. Despite > 3 telephone calls each, we were unable to reach 1,627.
Upon achieving telephone contact with the remainder, 2,079 declined to participate. We then conducted brief screening interviews among interested patients. These screening interviews identified potential participants who met any of the exclusion criteria that could not be ascertained using Epic: (1) significant cognitive impairment evidenced by>3 errors on a 10-item mental status exam[38], (2) self-reported uncorrected visual acuity problems that would interfere with using a PC, (3) not having a PC with a CD-ROM in the home, (4) not having internet access, and (5) having previously used a cognitive training program. This led to the exclusion of 1,356 potential participants.
Informed Consent and Baseline Interviews. After successfully completing the screening telephone interview, eligible patients were scheduled for a two-hour cumulative Gaussian curve starting at 6.75% (chance correct rate) and ending at 95%
(100% minus 5% lapse rate) with the threshold set at 50%. Group 1. Immediately after completing their informed consent and baseline interviews, participants randomly assigned to Group 1 (on-site Road Tour training without boosters) were scheduled for their first two-hour session in our laboratory, which includes two identical training rooms configured with 5 private PC workstation areas.
The Road Tour training software is on the PCs in one training room, and the 
Group 4. Participants randomly assigned to Group 4 (at-home Road Tour
training) were scheduled for their first session in our laboratory immediately after completing their informed consent and baseline interviews. They, however, were taken to a third room in which they were assigned their study specific ID number, and were then shown (step-by-step) how to load the software on a PC. After this, they received about 5-10 minutes of scripted instruction on how to use Road Tour, and then practiced using it for about 10-15 minutes. Group 4 participants were then sent home with the CD containing the Road Tour software to load on their home PCs, as well as a detailed set of step-by-step instructions containing all of the screen-shots that they would encounter in doing so. They were also given the phone number and email information for contacting the Project Coordinator (MMD) to answer any questions they might have about loading the software onto their home PCs. Group 4 participants were asked to use Road Tour at home for 10 hours or more during the next 5-6 weeks. At 6-8 weeks post-randomization, Group 4 participants were invited back to the laboratory for their post-training assessments using the UFOV test. At that time, they were reminded that they could continue using Road Tour as often as they liked.
Analysis. For the purposes of statistical modeling, we define three mutually exclusive 1-0 binary indicators G1, G2,and G4to indicate whether the participant is in the on-site speed of processing intervention without boosters, the on-site speed of processing intervention with boosters, or the at-home speed of processing group. The on-site crossword puzzle (attention control; G3) group participantwill have all threeof these indicators set to zero. Other covariates are contained in the vector X. For continuous outcomes like visual processing speed we will use multiple linear regression models [49] that may be expressed in their simplest form as: 
Ethics and Dissemination
IHAMS was viewed as a minimal risk trial by the University of Iowa IRB for three reasons. First, no adverse effects were reported from the earlier version that was used in ACTIVE. Second, Boatload of Crosswords, the computerized crossword puzzle program, is the most popular puzzle game commercially available. Third, our IRB protocol (200908789) established procedures to ensure that participation was voluntary, that participants could quit at any time they chose, that signed informed consent was obtained, that confidentiality was maintained, and that data security was rigorous.
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